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M UNDERWATER ELECTROSURGICAL IHSTRUMEHT 

This invenuon relates to an eiecirosurgicai insiiumem for the treatment of tissue in the 
presoicc of an dectricaUy conductive fluid medium, to elearosurgical apparatus inchiding 
5 such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic clectrosurgery is useful for seating tissue in cavities of the body, and is 
nomally peribrmed in the presence of a distension medium. When the (Ustensibn metUum 
is a Bquid. Has is commonly referred to as underwater elecuosurgery, this term denoting 
electrosurgeiy in which living tissue is treated using an elearosurgical instiumem with a 
10 treatment electrode or electrodes immersed in Uquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gasiroemcrolopcal surgery. 

15 Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode. Alternatively, the endoscope may be spedficaUy adapted (as 
m a reseaoscope) to inchide means for mounting an electrode, or the electrode may be 
imroduced into a body cavity via a separate access means at an angle with respect to the 
20 endoscope - a technique commonly refened to as triangulation. These variations in 
technique can be subdivided by surgical speciahty. where one or other of the techniques 
haspanicularadvamases given the access route to the specific body cavity. Endoscopes 
with imegnl worteng channels, or those chaniaerised as resectoscopcs. are generally 
employed'when the body cavity may be accessed through a natural opening - such as the 
25 cervical canal to access the endometrial cavity of the utenis. or the urethra to access the 
prostate gland and the bladder. Endoscopes specifically designed for use m the 
endometrial cavity are referred to as hysteroscopes. and those designed for use in the 
urinary traa inchide cysioscopes. urethroscopes and reseaoscopes. The procedures of 
aansu«hal resection or vaporisation of the prostate gland are known as TURP and EVAP 
30 rtsoeaively: When there is no natural body opening through which an endoscope may be 
passeAthetechmqucoftriangulationiscommonlyeraployed. Triangulation is commonly 
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snouide,. The ™,„scop. i. .h^. ^^^^ 
annroscopc. 

5 Electrosurgcry is usually carried out using eiu.cr a monopolar instrument or a bipolar 
"smancnt. With monopolar dectrosurgery, an active electrode is used in the operatine 
rcgwn. and a conductive return plate is secured to the patient's skin. W«h thil 
anangonem. current passes from the active electrode through the patient's tissues to the 
vernal retmn plate. Since the patient represents a significant portion of the circuit, input 

10 power levels have^o be high (typically 150 to 250 watts), to compensate for the resistive 
current lumtmg of the patient s tissues and. in the case of undenvater eiectrosurgery 
power losses due to the fluid medium which is rendered partially conductive by the 
prcsenceofbloodorother body fluids. Using high power with a monopolar arrangement 
« also hazardous, due to the dssue heating that occurs at the return plate, which can cause 

15 severe skin bums. There is also the risk of capadtive coupling between the instrument and 
patient tissues at the entry point imo the body cavity. 

Whh bipolar eiectrosurgery. a pair of electrodes (an active electrode and a return 

elearode) are used together at the tissue appUcation site. This anamtemem has 
20 advantages from the safety standpoint, due to the relative proximity of the two electrodes 

so that radio frequency currents are limited to the region between the electrodes. 

However, the depth of effea us directly related to the distance between the two electrodes; 

and. in applications requiring very smaU electrodes, the imer-electrode spacing becomes 

voysmalLtherebylimitingassueeffeaaadoutputpower. Spacing the electrodes fimher 
25 apan wodd often obscure vision of the appBcaxion site, and would require a modification 

in surgical technique to ensure coirea comaa of both electrodes with tissue. 

There are a number of variations to the basic design of the bipolar probe. For example. 
U.S. Patent Specification No. 4706667 describes one of the fimdamemais of the design, 
30 ™™*'thatheratioofthecontaaareasoftheremmdecirodeandofthea^ 

i$grea»crthan7:landsmailcrthan20:lforcuningpurposes. This range relates only to 
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cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contaa areas of the two electrodes may be reduced to 
approximaiely 1:1 to avoid differential electrical stresses occurring at the contaa between 
the tissue and the elearodes. 

5 

The deorical junction between the renim deanwie and tissue can be supponed by wetting 
of the tissue by a conductive sohiiion such as normal saline. This ensures that the surgical 
efiect b Bmhed to the needle or active electrode, with the electric circuit between the two 
elearodes being completed by the tissue. One of the obvious linriiations with the design 
10 is thai the needle must be completely.buried m the tissue to enable the remm dcctrode to 
complete the circuit. Another problem is one of the orientation: even a relatively smaU 
change in application angle from the ideal perpendicular contact with respect to the tissue 
surfece. wiU change the contaa area rario. so that a surgical effea can ocair in the tissue 
in contaa with the return electrode. 

15 

Cavity distension provides space for gaining aaess to the operation site, to impnwc 
visuaBsauon. and to allow for manipulaiion of instruments. In low volinne body cavities, 
paniailarly where it is desirable to distend the cavity under higher pressure. Bquid rather 
than gas is more commonly used due to bener optical charaoeristics. and because it 
20 washes blood away from the operative ate. 

Convemionalunderwaier decuosurgety has been perfoimed using a non-conduoive Uquid 
(such as 1.5% glycfaie) as an irrigant. or as a distension medium to diminate deorical 
conduaioa losses. Glycine is used in isotonic concemrarions to prevent osmotic dianges 
25 in the Wood when imra-vasoilar absorption ocairs. In the course of an operation, vans 

may be severed, with tesuham infiision of the tiquid into d« circulation, which could cause. 

anions other things, a dihition of serum sodhrni whidt can lead to a condition known as 

water imoxicanMi. 

30 The applicants have found that it is possible to use a conduoive liquid medium, sudi as 
normal saline, in underwater endoscopic deorosurgery in place of non-conduoive. 
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dectroiyte-free soiuuons. Nonnal saline is the preferred disiension medium m undenvater 
endoscopic surgery when electrosurcery is not contemplated, or a non-eiectrical tissue 
enea such as laser oeatmeni is being used. Although normal saline (0.9%w/v: I SOmmol/I) 
has an electrical conduaivity somewhat greater than that of most body tissue, it has the 
3 advantage that displacement by absorption or extravasation from the operative site 
produces little physiological effect, and the so-called water imoxicatton effects of non- 
conductive, electrolyte-free solutions are avoided. 

Carbon dioxide is the preferred gaseous distension meditmu primarily because of its non- 
10 toxic nature and high water solubility. 

In endoscopic procedures in which the distension medium is a gas, the applicants have 
found that it is possible to use an electrically-conductive gas (such as argon) in place of 
carbon dioxide. Argon is conduaive when excited into a discharge state, and has been 
I S employed in both endoscopic and conventional monopolar electrosurgery as a method of 
increasing the distance between the tissue and the instrument; by provimng a coiuluctive 
path between the two when high voltage electrosurgical ouputs such as spray or fulgume 
are bang used. The high voltages used in this application result in a very low penetration 
of the electrosurgical effca into the tissue, making thie technique only suitable to control 
20 bleeding from muhiple small blood vessels. This allows the surgeon to stanch bleeding 
from multiple sites in a surgical wound using a rapid "painting" technique, rather than 
applying electrosurgery to each individual bleeding nte. The argon gas is delivered 
through a hollow surgical instnmient. and passes over the monopolar electrode exposed 
attbenpoftheinsirumemasastreanL TIus produces a region at the operative site wfaich 
25 is rich in argon, and which contributes to the distenaon of the body cavity, ffighvohage 
monopolar electrosurgical outputs are undesirable in endoscopic surgery, because of the 
risks of damaging structures outside the field of vision, by either capadtive or direct 
coupling to a portion of the instrumem remote from the operative site often outside the 
field of vision of the operator. 

30 
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Tat appbcams have developed a bipolar insinimem suitable for underwater elearosurgeiy 
using a comiuctive liquid or gaseous medium. This dectrosurgical instniment for the 
treamtem of tissue in the presence of a fiuid medium, comprises an instrument body having 
a handpiece and an instnimem shaft and an electrode assembly, at one end of the shaft. 
5 The electrode assembly comprises a tissue treatmem electrode which is exposed at the 
extreme distal end of the instrument, and a return elecuode which is electrically insulated 
from the tissue treatment electrode and has a fluid comaa surface spaced proximally from 
the exposed pan ofthe tissue treatmem electrode. In use of the instrument, the tissue 
treatmem dectrode is applied to the tissue to be treated whilst the return dectrode. being 
10 spaced proximally from the exposed pan of the tissue treatment electrode, is nonnaOy 
spaced from the tissue and serves to complete an dectrosurmcal cuirem loop from the 
tissue treatmem dectrode through the tissue and the fluid medum. This dectrosurgical 
instrumem is described in the specification ofthe applicants' co-pending British Patent 
Application No. 9S12S89.8. 

15 

The dectrode stnicnire of tWs instnmtent. in combinanon with an electrically conductive 
fluid medhmi largely avoids the problems experienced with monopolar or bipolar 
elearosurgeiy. In particular, input power levds are much lower than those generally 
necessary with a monopolar anangemem (typically 100 watts). Moreover, because ofthe 
20 relatively large spacing between its electrodes, an improved depth of effea is obtained 
compared with conventtond bipolar arrangement. 

The aim ofthe invennon is to provide an improved dectrosurgical mstnanem of this type. 

25 The presem invennon pnjvides an dectrosurgicdinstnimem for the treatmem of tissue m 

the presence of an dectricdly^nductive fluid medhun. the instnimem comprising an 
instiumem shaft, and an dectrode assembly at one end of the shaft the dectrode assembly 

comprising a tissue treatmem dectrode and a renini dectrode vtrtiich is dectrically 
fiom the tissue treatment dectrode by means of an insulation member, the tissue 
30 treatmem dectrode bong exposed at the distal end ponion of the instnnnent. and the 
renim decnode having a fluid comaa surface spaced pnwdniaUy from the exposed end of 
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the tissue ueauneni electrode by the insuiaiion member, whcrem the exposed end of the 
tissue treatment eiectrode is constituted by a plurality of tissue treatment filamcmaiy 
members made of an eiearicaliy-conduciive material, the fiiaracniary members being 
clectticaUy conncacd to a common eiectrical supply conduaor. 

5 

The return electrode is spaced from the tissue treatment electrode so that, in use, it does 
not comaa the tissue to be treated, and so that the electrical circuit is always completed 
by the conduciive fluid, and not simply by arcing between the electrodes. Indeed, the 
arrangemem is such that arcing between the adjacem parts of the electrode assembly is 
10 avoided, thereby ensuring that the tissue treatment electrode can become enveloped in a 
vapour pocket so that tissue emcring the vapour pocket becomes the preferred path for 
current to flow back to the return electrode via the conductive fluid. 

The electrosurBical instrument of the invention is usefiil for dissection, resection. 
15 vaporisation, desiccarion and coagulation of tissue and combinations of these 

^patriodarappBcationinhysteroscopicsurgicalprtM^lurc Hysteroscopic operative 
procedureamav indude: remcnralofsubmucosalfibrokis. polyps and malignant neoplasms; 
resection of comtenital uterine anomalys such as septum or subseptum; division of 
synechiae (adhesiolysis); ablation of diseased or hypertrophic endometrial tissue: and 
20 haemoscasis. 

The instn«ne« of the invemion is also usefid for dissection, resection, vaporisation, 
desiccation and coagulation of tissue and combinations of these fimcdons with pantcular 
application in arthroscopic surgery as it penains to endoscopic and percutaneous 
•,5 proceduresperfoimedonjoi«tsofthebodyinch,ding.bwnotlimitedto.sucht^^ 
as they apply to the spine and other non-synovial joints. Arthroscopic opoanve 
procedures mav include: partial or complete meniscectomy of the knee joint incbdmg 
„«iscal cvstectomv. lateral retinacular release of the knee joim; removal of antextor and 
posterior cruciate Ugaments or remnants thereof labral tear resectioa ac«,m.oplasty. 
30 bursec««nyai«lsubacromialdecompressionoftheshoulderjoutt:ameriorrele.seofthe 

tempertn-mdibular joint: synovectomy, cartilage debridement, chondroplasty. omsion ot 
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i«„.artcular adhesions, fiacture and tendon debridemem as applied to any of the synovial 
ioims of the boor. indtKing thennal shrinkage of joint capstues as a treatment for recurrent 
dislocation, subluxation or repetitive stress injury to any anicuiated joint of the body; 
disectomv either in the treatment of disc prolpase or as pan of a spinal fusion via a 
5 posterior or amerior approach to the cervical thoradc and lumbar spine or any other 
fibrous joint for similar purposes: excision of diseased tissue; and haemostasis. 

The instnnneni of the invention is also use&I for dissection, resection, vaporisation, 
desiccation and coagulation of tissue and combinations of these nmcoons with pantcular 
,0 application in urotogical endoscopic (urethroscopy, cystoscopy, ureteroscopy and 
neohroscopv, and percutaneous surger>.. Urological procedures may include: electro- 
v^orisaiion of the prostate gland (EV AP) and other variants of the procedure commonly 
» as transurexhral resecuon of the prostate (TURP) including, but not limited to. 
i^tialabUtionoftheprosmeglandbyapercutaneousorperurethndromewh^^ 

,5 performed for benign or maUgnam disease; transurethral or pero^^^ 
urinarytracttumoursastheymayariseasprimaryorsecondaryn 
they may arise anywhere in the urological traa from the calyces of the Iddney to the 
external urethral meams; division of strictures as they may arise ax the pelvn.ret«,c 
j.«ic„(PUJV«reter.ure.eralorifice.bladderneckorum^ 

,0 si«Wca«ofbladderdiverticuUr.cystoplastyproceduresasm^ 

" vo«ngdysfimction;thermallyinduced^cofpei^^ 

for bladder neck descent: excision of diseased tissue; and haemostasB. 

Sur^ procedures using the instrument of the invet-ion inchtde introduing the ele«ro^ 
,5 XtothesurpcalsitethroughanarrifidaiconduitCacat^^ 
" ec^duitw^dtmaybeinananatooucalbodycavityorspaceorone 

c^orspacemay be distended during the procedure us^g a fluid or may be n^ 
Topenla^ton^suucmr^ The surgical site may bathed in a conunuousfl^ 
ofcoltivefhridsuchassalinesohuiontofiUanddistendtheca^^ Theproce^ 
30 „^y indude simultaneous viewing of the she v.a an endoscope or usmg - 

visuatisauon means. 
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In a preferred embdoimenu a plurality of separate, individual filaments constitute the 
filamentary members. Advantageously, the filaments each have a length hdng within the 
range of fiom 0.5 mm to 5 mm in which case the instrument is iised for tissue removal by 
vapotisaxioa Preferably, the filaments each have a diameter lying within the range of fit)m 
5 0.05 mm to 0.3 nrnt 

Alternatively, a single coiled filament constitutes the filamentary members, the coils of the 
filament consthuting the filamentary members. 

10 Preferably, the filamentary members extend longitudinally fi'om the extreme distal end of 
ihe instrument. Aliemativeiy. the filamentary members extend laterally through a cut-out 
formed in a side surface of the insulation member adjacent to the distal end thereof 
Convcniendy, the return electrode is formed with a hood-like extension which extends over 
the surface of the insulation member which is opposite the cut-out. 

15 

In another preferred embodimcnu the filamentary members are mounted within the 
insulation member in such a manner that they are axially movable relative to the insulation 
member between a first operating position, in which they extend partially fix>m the 
insulanon member, and a second operating position, in which they extend fidly fi'om the 
20 insulation member. In this case, ihe instrument can be used for tissue removal by 
vaporisanon when the filaments are in the first operating posinoru and for desiccation when 
the filaments are in the second operating position. 

Advantageously, the common electrical supply conductor is a central conduaor, the 
25 insulation member surrounding the central conduaor. 

The filamentary members may be made fi'om a precious metal such as platinum or from a 
platinum alloy such as plaiinimi/iridium, platinum/tungsten or plaiinunvcobait The 
filamentary rocnroers could also be made of tungsten. The insulation member may be made 
30 of a ceramic material, silicone rubber or glass. 
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Where the filaniemary mernbers are separate individual filaments, they may each have a 
length lying within the range of from 5 mm to 10 mm. In this easel they may be made of 
stainless steel. 

5 In yet another preferred embodiment, the insulation member is formed with at least one 
wing, the or each wing extending distally from the insulation member to project beyond 
the tissue treatmem electrode. Preferably, the insulation member is formed with a pair of 
diametrically-opposed wings. 

10 The invention also provides an electrode unit for an dectrosurgical instrtmient for the 
ireaimcm of tissue in the presence of an electrically-conductive fluid medhinu the electrode 
unit compriana a shaft having at one end means for connccdon to an instrument handpiece, 
and. mounted on the other end of the shaft an electrode assembly compri^g a tissue 
treairoent electrode and a return electrode which is electrically insulated from the tissue 
1 5 treamient dearode by means of an insulation member, the tissue ireanncnt electrode being 
exposed as the distal end ponion of the instrument and the remm electrode having a fluid 
comaa surface spaced proximally from the exposed end of the tissue treatment electrode 
by the insulation member, wherein the exposed end of the tissue treatment electrode is 
consrimted by a phirality of tissue treatment filamentary members made of an electncally- 
20 conductive maerial. the filamentary members being elearically connected to a common 
electrical supply conduaor. 

The invention further provides clearosurgical apparatus comprising a radio frequency 
generator and an elcctrosurgicai instrument for the treatment of tissue in the presence of 

25 an elecaically-conduciwe fluid medium, the insnumeni comprising an instrument shaft, and 
an dcorodc assembly at one end of the shaft, the dectrode assembly comprising a tissue 
treatment dccuode and a return elecuode which is decirically insulated from the tissue 
ireamiem dectrode by means of an insulation member, the tissue treatmem dectrode bang 
exposed at the distal end portion of the insmmient. the return dectrode having a fluid 

30 contact surfece spaced proximally from the exposed end of the tissue treatment dectrode 
bv the insulation member, and the radio frequency generator having a bipolar output 
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connected to the eiectrodes. Nvherein the exposed end of the tissue treatment eiectrode is 
constituted by a plurality of tissue treatment filamentary members made of an eiecmcaily- 
conduciive material, the fiiamemary members being eiectricaliy connected to ine radio 
frequency generator by a common electric supply conductor. 

5 

Advantageously, the radio frequency generator includes control means for varying the 
output power delivered to the elearodes. the control means being such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical instrument for tissue dessication, and the second output range being for 
1 0 powering the deorosurgical instrument for tissue removal by vaporisation. Preferably, the 
nrsi output range is from about 1 50 volts to 200 voks. and the second output range is from 
about 250 volts to 600 voits, the voltage being peak voltages. 

The invention will now be described in greater detail, by way of example wiih reference 
15 to the drawings, in which:- 

Figure 1 is a diagxammaiic side elevation of an elearode assembly at a distal end of a first 
form of elearode unit constructed in accordance with the invcnuon; 

20 Figure 2 is a graph iilustraung the hysteresis which exists between the use of the elearode 
unit of Figure 1 in deaccating and vaporising modes; 

Figure 3a is a diagrammatic side elevation of the first electrode unit, showing the use of 
such a unit for tissue removal by vaporisation; 

25 

Figure 3b is a diagrammatic side elevation of the first elearode unit, showing the use of 
such a unit for tissue desiccation; 

Figures 4a to 4c are diagrammatic side elevations of the elearode assembly of a second 
30 form of electrode unit consuuaed in accordance with the invention; 
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Figures 5a and 5b are diagranmiattc ^de devations of the dectrode assembly of a third 
form of electrode unit constructed in accordance with the invention; 

Figures 6a and 6b are diagrammatic side elevations of the dectrode assembly of a fotmh 
5 form of electrode unit constructed in accordance with the invention; 

Figures 7a and 7b are diagrammaiic side eleyations of a fifth form of dectrode imit 
constructed in accordance with the invention; 

1 0 Fieure 8 is a diagrammatic side elevation of a sixth form of electrode unit constructed in 
accordance with the invention; 

Figure 9 is a cross-seaion taken on the line A-A of Figure 8; 

1 5 Figure 10 is a diagrammaoic side devation of a seventh form of dectrode. unit constnictcd 
in accordance with the invention; 

Figures 11 a to Ud are diagrammaiic side devations of further forms of dectrode unit 
constructed in accordance with the invemion; and 

20 

Figure 12 is a diagram showing an elcarosurgicai apparatus consiruaed in accordance 
with the invention. 

Each of the dectrode units described bdov^ is imended to be used with a conductive 
25 distension medhmi such as normd saline, and eadi unit has a dud-el^^ 

the conductive medwro acting as a conduaor between the tissue bdng ueaiiwi and one of 
the electrodes, hereinafter caUed the return dectrode. The other dectrode is applied 
directly to the tissue, and is hereinafter caUed the tissue treatmem (active) dectrode. In 
many cases, the use of a liquid distension medhmi is preferable, as it prevents excessive 
30 electrode tempcramrcs in most circumstances, and largdy eliminates^ 
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Referring to ihe drawings. Figure 12 shows electrosurgical apparatus including a 
generator I having an output socket 2 providing a radio frequency (RF) output for an 
instnimcnt in the form of a handpiece 5 via a connection cord 4 Activation of the 
generator I may be performed from the handpiece 3 via a control connection in the cord 
5 4, or by means of a fooiswitch imit 5. as shown, connected separately to the rear of the 
generator 1 by a footswitch connection cord 6. In the illustrated embodiment, the 
footswitcb unit 5 has two footswitchcs 5a and 5b for selecting a deaccation mode and a 
vaporisation mode of the generator 1 respectiveiy. The generator from panel has push 
buttons 7a and 7b for rcspecdvdy seitii^ deaccation and vaporisation power levels, which 
10 are indicated in a display 8. Push buttons 9a are provided as an alternative means for 
sdeciion between the desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable elearode unit E. such as the electrode units El to 
El 1 to be described below. 

Figure I shows the first form of electrode unit El for detachable fastening to the 
electrosurgical instrument handpiece 3. the electrode unit contpriang a shaft 10, which is 
constituted by a semi-flexible tube made of stainless steel or phynox dearoplated in 
copper or gold, with an electrode assembly 12 at a distal end thereof At the other end 
20 ( not shown) of the shaft 1 0. means are provided for connecting the electrode uiui El to 
a handpiece both mechanically and electrically. 

The RF geoeraior 1 (not shown in Figure 1) defivers an electro-surgical currcm to the 
electrode assembly 12. The generator inchidcs means for varying the dcUvcred output 
25 power to suit (fifferentelectrosuraicalrequircmems. The generator may be as described 
in the specification of our co-pending British Patent AppKcaiion 9512888.0. 

The dectrodc assembly 12 inchides a cemraL tissue ueaimcm (active) electrode 14 in the 
foraiofahnish electrode. The active electrode 14 is connected to the generator 1 via an 
30 mtegral ccmral conductor I4a and a central copper conduaor (not shown) positioned 
widanthehandpieceofthcinstiumcm. Theteusbdccirode Hisconsdtutcdby aphiraliiy 
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of olamems of ningstea ihe nlaments having diameters lying in the range from O.OSinm to 
0.3mm. A tapered ceramic insulation sleeve 16 surrounds the conduaor 14a. A return 
electrode 18. which is constituted by the distal end ponion of the shaft 10. abuts the 
proximal end of the sleeve 16. An outer insulating coating 20 surroimds the proximai 
5 ponion of the shaft adjacent to the return electrode 18. The coating 20 would be 
poiyvinyttdene fluoride, a polyimide. pohrtetrafuoroetfaylene. a polyolefin. a polyester or 
ethylene tetrafluoroethyiene. 

By varying the output of the generator I, the electrode unit EI of Figure 1 can be tised for 
10 tissue removal by vaporisation, or for desiccation. Figure 2 illustrazes how' the RF 
generator 1 can be comroiled to take advantage of the hysiere^ wtuch exisu between the. 
desiccation and the vaporising modes of the electrode unit El. Thus, assuming the 
dectrode assembly 1 2 of the unit El is immersed in a conductive medhim such as saline, 
there is an initial impedance "r" at point "O**, the magnitude of which is defined by the 
1 5 geometry of the electrode assembly and the electrical conductivity of the fluid mecbun. 
The value of "r** will change when the active electrode 14 contacts tissue, the Ugherthe 
value of "r" the greater the propensity of the electrode assembly 12 to enter the 
vaporisadon mode. When RF power is applied to the electrode assembly 12 the fluid 
medhmi heais up. Assuming the fluid medium is normal saline (0.9% w/v), the 
20 temperature coefficient of the fluid medium is positive, so that the corresponding 
impedance coefficient is negative. Thus« as power is applied* the impedance initially falls 
and continues to fall with increasing power to poim "B", at which poim the saline in 
intimate contact with the elearode assembly 12 r eaches boiling point. Small vapour 
bubbles form on the surface of the acnve electrode 14 and the impedance then starts to 
25 rise. After point "B", as power is increased further, the poarive power coeffidem of 
impedance b dominant so that increasing power now brings about increasing impedance. 

As a vapour pocket forms from the vapour bubbles, there is an increase in the power 
density at the residual electrodc/saiine imetfece. There is, however, an exposed area of the 
30 acove dectrode 14 not covered by vapour bubbles, and tWs fiirther stresses the interfece, 
producing more vapour bubbles and thus even higher power densiiy. TWs is a mn-away 
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condition, with an equiiibrium point only occurring once the electrode is completely 
enveloped in vapour. For given set of variaa)les, there is a power threshold before this new 
equilibrium can be reached (point ''C**). 

5 The region of the graph between the pomis "B" and "C*. ihercfore. represents the upper 
limit of the desiccation mode. Once in the vaporisation equilibrium state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value dependmg on the system 
variables. The vapour pocket is then sustained by discbarges across the vapour pocket 
between the active elearode 14 and the vapour/saline imcrfecc. The majority of power 
10 dissipation occurs within this pocket, with consequent heating of the active electrode 14. 
The amount of energy dissipation, and the size of the pocket, depends on the output 
voltage. If this is too low. the pocket will not be sustained, and if it is too Wgh the 
electrode assembly 12 will be destroyed. Thus, in order to prevent destruction of the 
electrode assembly 12, the power output of the generator 1 must be reduced once the 
15 impedance has reached the point T)". It should be noted that if the power is not reduced 
at this point, the power/impedance curve will continue to climb and electrode destruction 
would occur. The dotted line E indicates the power level above which electrode 
destmcuon is inevitable. As the power is reduced, the impedance falls until, at point * A\ 
the vapour pocket collapses and the electrode assembly 12 reverts to the desiccation mode. 
20 At this point, power disdpation within the vapour pocket is insufficient to sustam it, so that 
direct comact between the active electrode 14 and the saline is re-^tablished. and the 
impedance £dls dramatically. The power density at the active electrode 14 also falls* so 
that the temperature of the saline falls below boiling point. The electrode assembly 12 is 
then in a stable desiccation mode. Whh the generator described in the spcdncation of our 
25 co-pendiiM^ British patent application 9604770.9, the ouxpm is 350 to 550 volts peak for 
the vaporisation mode, and about 1 70 volts peak for the desiccation mode. 

It will be apparent that the electrode unit El of Figure I can be used for desiccation by 
operating the unit in the region ofthe graph between the point "0* and a point in the region 
30 between the points ''B- and "C" In this case, the electrode assembly 12 would be 
introduced imo a seleaed operation site with the aaive electrode 14 adjacent to the tissue 
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to be treated, and with the tissue, ihe aaive eiecirode and the reium electrode 18 
tnnnersed in the sabne. The RF generator 1 would then be aatvated (and cycbcaUy 
comrollcd as described in the specii'ication of our co-pending British paieni appUcanon 
9604770.9) to supply sufndent power to the eiearode asscmby 12 to maintain the saline 

5 adjacent to the active electrode 14 au or just below, its boibng point whhout creating a 
vapour pocket surrounding the active tip. The electrode assembly wotjld then be 
manipulated to cause heating and dessication of the tissue in a required region adjacent to 
the aciive electrode 14. The electrode unit El can be used for vaporisation in the region 
of the oaph between the pouit "D" and the doned line F wluch constitutes the Iwel below 

1 0 whidi vaporisation cannot occur. The upper pan of this curve is used for ussue removal 
■ by vaporisation, li should also be appreciated that the eiearode unit El could be used for 

' cutting rissue. In the cutting mode, ihe eiearode unit El still operates with a vapour 
podtet but this pocket is much smaller than that used for vaporisation, so that there is the 
least amount of tissue damage commensurate with cutting. Typically, the generator 

1 S operates at about 270 volts peak for cutting. 

The tempcranire generated at the aaive electrode 14 is of the order of 150CC in the 
vaporisation mode, so that the aaive eiearode is made of a material that can withstand 
such high temperatures. Preferably, the aaive eiearode 14 is made of tungsten, platimnn 
20 or a platinum alloy (such as platinum/'iridium or platinum/tungsten). 

Figure 3a iUusirates schematically the use of the eiearode unit El of Figure I for tissue 
removal by vaporisation. Thus, the electrode unit El creates a sufficiently high energy 
density at the active eiearode 14 to vaporise tissue 22. and to create a vapour pocket 24 
25 surrounding the active eiearode. The formarion of the vapour pocket 24 creates abott a 
104bld increase in contaa impedance, with a consequent increase in output voltage. Arcs 
26 are created in the vapour pocket 24 to complete the circuit to the rerum electrode 18. 
Tissue 22 which contacts the vapour pocket 24 will rcpresem a path of least etecaical 
resistance to complete the ciroiiu The closer the rissue 22 comes to the aaive deciiode 
30 14. the more energy is concentrated to the rissue. to the oaem that the cells explode as 
thev are souck bv the arcs 26. beonise the return path through the conducri\-e fluid (saline 
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in tins case) is blocked by the high impedance barrier of the vapour pocket 24. The saline 
solution also acts to dissolve the solid products of vaporisation. 

Figure 3b illustrates schematically the use of the eicarode unit El for tissue desiccation. 
5 to the desiccation mode, output power is delivered to the electrode assembly 1 2 in a first 
output range, so that current flows from the active electrode 14 to become heated, 
pre&raWy to a point at or near the boiling point of the saline solution. This creates small 
vapour bubbles on the surface of the active electrode 14 that increases the impedance 
about the acuve eiearode. 

10 

The body tissue 22 typtcally has a lower impedance than the impedance of the combination 
of vapour bubbles and saline sohition adjacent to the aaive electrode 1 4 When the active 
electrode 14 surrounded by small vapour bubbles and saline sohition is brought into 
comaa with the tissue 22, the tissue becomes pan of the preferred electrical current path. 
15 According, the preferred current path goes out of the active electrode 14 at the point of 
tissue ccHttacL throi^ the tissue 22. and then back to die return electrode 1 8 via the saline 
sohition, as shown by the currem path fines 28 in Figure 3b. 

The invention has particular application in dessicaung tissue. For tissue desiccating, one 
20 preferred approadi is to comaa only pan of the active eiearode 14 to the tissue 22. with 
the reminder of the active eiearode remaining remote from the tissue and surrounded by 
caKtw sohmoxt so that current can pass from the active dectrode to the return eiearode 
18 via the saline sohition. without passing through the tissue. For example, m the 
embodiment shown in in Figure 3b, only the distal portion of the active electrode 14 
25 comacis the tissue 22, with the proximal portion remaining spaced away from the tissue. 

The imrcntion can adttcve desiccation with no or ininirnal charring of the ti^^ When 
the active eiearode 14 contacts the tissue 22, currem passes through the tissue, causing 
the tissue aL and around, the comaa poim to desiccate. The area and vohime of 
30 dericcated tissue 30 expands generally radially outwardly from the poim of contact. As 

the tissue 22 is desiccated, it loses its conductivity. As the area and volume of desiccated 
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electrode lo the saline solution. 

. nh mis in the desiccation mode, the fleriKBty of the bmsbelec^^ 

" -'^'"""rlrI:::>T.rr:■-.o^-- 
below with reference to Figures 4a to 4c. 

. r decmxie unii E2 whose elearode assembly 32 inchides 
an active electrode 34 which IS consumted by a pturau . 
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material such as siainiess steei. The fiiamems of the brush electrode 34 are much longer 
(tOmm as compared with 5mm) than the filaments of the brush electrode 14. as the 
eiearode unit E2 is intended primaniy for desiccation. In this embodiment, the 
retum:active ratio is variable from > 2:1 in the "closed" form to < 1 :1 in the "splayed" 

5 form. The electrode assembly 32 also includes a ceramic insubtion sleeve 36. a r^urn 
electrode 38 and an outer insulating sheath 40. The active electrode 34 is a brush 
deorode whose up is flexible to provide a reproducible tissue effect which is substantially 
independent of the application angle of the electrode with respect to the sur&ce of the 
tissue T (see Figure 4c). Thus, the flexibility of the active electrode 34 resiilu in 

10 differential contact areas of the active eiearode dependent on the applied pressure. For 
example. Figure 4a shows the brush electrode 34 "closed" during the application of light 
pressure, and Figure 4b shows the brush "splayed** by firm tissue pressure. This enables 
the creation of a broader surreal effect than the mameter of the dectrode 34 would 
otherwise allow, thereby redudng treatmem time. Figures 4a to 4c also show the return 

IS path P for the cuuem flow from the active electrode 34 to the return electrode 38 via the 
conductive medmm. 

This large variation in the retum:active ratio is a feature vAiich cannot be supponed by 
conventional bipolar designs. This variation in ratio can occur because the conducnve path 

20 to complete the electrical circuit is maintained by the low impedance of the electrode 
comaa with the conductive fluid operating medium. In order to sustain the low impedance 
transfer of RF energy to the tissues, the RF generator must be controlled in such a way that 
vapour pockets cannot form at the inter&ce between the active eiearode and the tissue. 
This allows the tissue contaa to be comimially wened by the conductive fluid so that, 

25 whilst the tissue water is removed by thermal desiccation, the impedance reaches an upper 
limh determined by a poim just bebw a vdtage tfaredu>ld above vap^ 
siantofomi This^condnned with the greater insulation separation between the aaive and 
reitim electrodes, enables this type of dectrode imit to deliver much higher powers 
effectively to the tissue for a given eiearode cUmension than any known dectrode tmit. 

30 
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Figures 5a and 5b show the third toim of electrode unh E3. This unit E3 is a thodificaiion 
of the elecuode unit E2. aiid its elearode assembly 42 includes an active elecirode 44 
which is constiwted by plurality of nlamenis made of stainless steel. The aaive elecirode 
44 is. therefore, a brush electrode and the filaments of this electrode are of a amilar length 
5 to the filamen« of the brush electrode 32. The electrode unit E3 is. therefore, intended 
primarily for desiccation. The electrode assembly 42 also includes a ceramic msulation 
sleeve 46, a return elearode 48 and an outer insulating sheath 50. The insulation sleeve 
46 is made of a ceramic material and. like the insulation sleeve 16 of the elearode unh El. 
it tapers towards the distal end of the electrode assembly 42. Figure 5a shows the 
10 cieorode unit E3 in a non-operationai position, and Figure 5b shows the unit in desiaanng 
mode against tissue T 

Figures 6a and 6b show a founh form of electrode unit E4 Wnose elearode assembly 52 
inchides eacnsible active elearode 54 in the form of a brmh elean)de. The filaments 

15 of the brush elearode 54 are made of tungsten, plaiimim, platinumMmgstea or 
platinumAridhun. The elearode unit E4 also incbdes a ceramic insulation sleeve 56. a 
return elearode 58, and an insulating sheath 60. As shown in Figure 6a. the active 
elearode 54 can be wid,drawn substantially within the insulation sleeve 56 so that only the 
free end portions of its filamenu are exposed. With the aoive elearode 54 in this position. 
20 the elearode unit E4 can be used lo vaporise tissue in the manner desoibed above w«h 
reference to Fteure 3. On the other hand, if the aaive elecuode 54 is extended (see Figure 
6b). so that its filamems extend fuDy from the distal end of the sleeve 56. the elearode ««.t 
E4 can be used for desiccation. The ratio of the contaa areas of the return to aaive 
deorodes of the unit E4 can. therefore, be varied between the fidly roiaoed active 
25 elearode posirion (in whidt the ratio is high and the unit is used for vaporisation), and the 
extended posirion (in whid> the ratio is low and the unit is used for desioarion). The unit 
E4 adrieves its dual fimaionaiity by varying the extent by wWd. the filamems of the aan« 
elearode 54 are extended. Dud funoionahty could also be adneved by varying axud 

sepanuion between the aaive elearode 54 and the roum deorode 58 (for e«BnpJe by 
30 varyingthelengthoftheinsularionsleeve56). With a large extension of the filamems of 
the active deorode 54 or with a large axid deorode separarioa a large deonc fidd .s 
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created, so that more tissue is affeaed. With no extension of the filainems of the active 
eiecirode 54 or with a reduced electrode separation, a smaller eiearic field is produced 
and is used for cutting or vaporisation in circumstances where no collateral thermal 
damage to tissue is desirable. The larger electric field pattern is desirable for desiccaiioa 
3 or in dramistances where the desiccation of collateral tissue is desirable to prevem 
haemorrhage fi-om a cut surface. 

Depending upon the ratio of the recumiaciive electrode area, theretbre, the bmsh electrode 
of the invemion can have a dessication fiinciion (as exemplified by the embodiments of 
1 0 Figures 4 and 5\ a vaporisation ninaion (as exemplified by the embodiment of Figure 3), 
or a dual defecation/vaporisation mnction (as exemplified by the embodiment of Rgure 
6). 

As indicated above, the primary use for the deacc^g brush is in providing a flexible. 
IS broad area electrode for desiccaung large irregular areas of tissue. The requirement to 
treat such areas occurs in hysteroscopic sui^ery - deaccation of the endometrial Gning of 
the uterus, and in uroiogical surgery - desiccation and shrink^e of bladder dweracular. 
In both instances, the dectrode is introduced through the working chamtd of the 
endoscope. 

20 . 

Introduction of the desiccating brush with a long and Oexible. filamentary strucmre can 
prove proUemaiical when the working channel of the endoscope is an^ed or inchides steps 
in the mner bore. This can deform the brush filaments which, once insened. cannot be 
adjusted and may not conform to the area of tissue to be treated. Bending back of the 

25 filaments may also inadvertently create an electrical short to the return electrode. 

Whilst preserving the desired fimctions of Qesdbifity and contaa area geometry dependem 
on the pressure of application, the basic desiccating brush can be modified to overcome 
thisproblem. For example, the brush filaments can be simply twisted together. Preferably. 
30 however, the filaments are wdded together at their distal ends as shown in Fig^ 

shows a fifih form of dectrode unit E5. The dectrode unit ES mdudes an active dectrode 
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64 in ihe form of a brash eleorode whose filaments are made of platimnn, 
platinummingsten or platinumAridmro. The distal ends 64a of the filaments are welded 
together as shown in Figure 7a. this prevents distonion of the filaments in the workii^ 
channel of an endoscope, wnilst permitting bowing of the filaments (as shown in Figure 7b) 
5 to inwease tissue comaa area. The electrode unit E5 inchides a ceramic insulation sleeve 
66, a return electrode 68 and an outer insulating sleeve 70. 

In the dual fimction brash elearode. the renimrattive decirode area can be elevated to a 
levd which is capable of producing tissue vaporisation. Obviously, whh a very snjall active 
10 dectrode area at the extreme of this range, the amount of tissue which can be desiccated 
becomes too smatt to be pracrically useful. If. however, the ratio is configured in the mid- 
range, then the same electrode can be used to produce both effeaive desiccation and tiKue 
removal by vaporisation. The shon brash described in Figure 1 is one example of such a 
dual purpose electrode. Given that the filaments cannot be fiibricated in stainless sied to 
1 5 suppon vaporisation, mngsten filamems are the preferred material in the shon brush due 
to their nudity overcoming the issues of distortion during introduction. Platimim alloys 
withstand the high vaporisation temperatures better than nmgsten but, due to their 
flexibflity and the amiealing process during use. camtot be used in the short brush fiJtm. 
Platinum alloy dual-function brash-type elearodes. therefore, require the modifications of 
20 twisting, braiding, or welding of the distal tips to prevent distortion. 

These combined inulti-fimaional brush electrode forms are particularly usefiil iii removing 
nanour masses or polyps encoumercd during hysteroscopic and urological surgeiy. They 
can vaporise the mmour bulk, ihdse the stalks of polyps, and dt^iccate any bleeding 
25 vessris or the base ofthe tumour without the need to chance electrodes. 

In these multi-fiinctional forms, the active electrode area is maximised for desiccation 
whilst still being capable of vaporisation or cutting fimcrions. The minimum ratio depends 
on four importam critera. namely: 

30 

1 The intrinac impedance of the target tissue. 
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2. The vohimcofthe body cavity. 

3 . The configuration of the aaive elearode. 

4 The maximum output power from the RF generator. 

5 The configuration of the active elearode obviously influences the ratio, with cylindrical 
forms represeming the lov/est ratio for a given length, but the other faaors relate to the 
inability of the decirode lo retain a vapour bubble. The filaments of the bnish-type 
electrodes retam vapour bubbles, which helps maintain the vaporisation condition. 

10 An arthroscope dectrode may be charaaerised as short (I00-140mm), rigid with a 
working diameter up to 4nun. It can ht introduced through a stab incision into a joim 
cavity (with or without a cannula) using the triangiilation technique. When an anhroscope 
indudes a brurfi dectrode of the type described above, it is opcraied with a motion which 
commonly moves the brush electrode between the 9 o'clock and 3 o'clock positions on the 
15 anhroscopic image. As a result, the tissue to be treated is commonly approached at a 
shallow workmg angle with respect to the axis of the electrode. The electrode for 
arthoscopy thus needs to have an effea consistent with this angled approadi to the tissue. 
The tissue to be treated, such as meniscal caxtilage, is commonly dense and of a high 
electrical impedance, such tissue having a fi^ee edge representing a common injury ate 
20 where treatmem is required. The drawback of known arthroscope dearodes which are 
solid form decirodes is that because the joint spaces arc commonly smaU (the jomi spaces 
in the knee bdng typically 60-100 mis under fluid distension), the vapour bubbles 
generated are lai^e and tend to cause problems with visualisation. 

25 Figure S shows an arthroscope dectrode unit E6 construaed in accordance with the 
invention. The dectrode unit E6 includes an active decirode 74 which is constituted by 
a phirality of filaments made of wngsten or an alloy of tuMSien or platinum The active 
(brush) electrode 74 is conneaed to an RF generator (not showm) via a central copper 
conduaor (also not shown). A ceramic insulation sleeve 76 surrounds the central 

30 conduaor, the fihmems 74a of the bmsh dectrode passing along the insulation sleeve and 
extending laterally therefrom through a cut-out 76a. A rttum electrode 78. which is 
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constituted by the distal end of the instiument shaft, surrounds the proamai end of the 
sleeve 76. An outer insulating coating 80 (which would be poiyvinyUdene fluoride, z 
poMmide. poWtetrafluoroethylene. a pohrolefin, a poWcster or ethylene 
tetmiuoroethylene) surrounds the proximal portion of the shaft adjacent to the renmt 
5 elearode 78. The remm electrode 78 is formed with a hood-like extension 78a which 
extends over the surfece of the sleeve 76 which is opposite to the cut-out 76a. The 
electrode unit E6 can. thus, provide maximum tissue engagement for shaUow worbng 
angle applications, and is known as a sidc-effeo electrode. 

,0 Becauseofthehi«hertopedanceof.heBir8etnssue.thearthroscom^ 

electrode should suppon a lower ratio than electrodes designed for hysteroscoptc and 
uroloeical applications where the tissue is more vascular. Redudng the rauo does 
howe«r.haveo„edrawbackinbodycavhiesofsmallvohnne.suchastheto^ 
is typi«ny 60-80 mis. and that is heating of the surrounded irrigant or distension fluid. 
15 Heating occurs primarily during the application of power to reach the vaportsanon 
toshold. Oncethethresholdhasbeenreached.thepowerrequirememtyp.caUyfallsb^ 
30-50% Reducing the electrode ratio increases the power requirement to reach the 
d«hold sothat. d«^c the highimpedanccoftheuirge^ it is undesirable to reduce 
the ratio to the lowest value capable of supporting vaporisation. 

in addition, the hi«h impedance is due to hick of vascularity of such tissues as meniscal 
cartihg. Except,therefore.whenmusde or synovial tissueis being treated, thep^^^ 
function of the athros«,pic brush electrode « that it should provide rapid dcbulkmg of 
dense, av^cular tissue. Desiccatefimcdonaliiy isnot arec^emem of such anins^ 
.5 indeed, verv short ri^ brush electrodes with electrode ratios greater than 5:1 are 
desirable. The only reason for not elevating the ratio farther is the need to engage the. 
naximum amount of tissue and sikiltaneously reduce procedure tm>e. 

AshorvrigidbrushelectrodeCofthetypedescribedabovewithreferenceton^ 
30 F^ure 6a) can be thought of as an etKi-cffcct electrode which has tissue debu^ 
or'ecision with minimal thermal spread. Consequently, it can be used to create otscrete 



RGCnRED SHEET (RULE 9t) 



wo 97/24994 PCT/GB97/00066 

24 

holes in tissue, iheretry lo create an access channel to tissue deep to the surface, as may be 
required as pan of an interstitial ablation technique on a tissue mass such as a prostate 
adenoma or a uterine fibroid i myolysis). This use of a vaporising, end-effect, technique 
enables only the fibroid to be removed by complete debulking leaving a resection margin 
5 conforming to the "false capsule" of the fibroid. No normal tissue is removed and due to 
conuol of collateral thermal effects at the endometrial reseaion margin^ the scarring is 
reduced to a imnimuin, thereby increa^g what chances there were of restoring fertifity. 
Addkionaily, of course, vaporisation docs not produce reseaion chippings to imerfere with 
visualisation and prolong the procedure through the need to wash them out once the 
10 resection is completed. Conventional loop electrode resettoscopcs require removal of 
normal tissue surrounding such fibroids, and this is disadvantageous because it increases 
the chance of Weeding, the risk of uterine perforation and the scarring of the uterus. This 
latter aspea is panicularly undesirable when the procedure is being performed in an 
attempt to restore fertility. 

IS 

Alternatively, a short, rigid brush electrode can be used to dd>ulk a tumour (such as a 
Sbroid, a bladder tumour or a prostate adenoma), or it can be used with the multiple 
puncture or drilling technique. In this case, after removing the intrauterine portion, thei 
imraraural portion can be wcatcd by crcaiii« ("drilling") a series of holes into the abnormal 

20 tissue whether, for example, this is a fibroid or prostatic adenoma. To assess the depth of 
peneiraiionL marks may be provided on the electrode shaft at measured distances from the 
rip, and hence to cwipare the depth of pencinttion against the pre-operative resuUs of tests 
performed to estabfish aze of the tumour or adenoma. The residual tissue bridges wiD 
shrink as part of the heafing process. Whilst not removing the whole tumour, this 

25 tedmique is safer and quidcer than removing the entire fibroid or prostatic adenoma, when 
treatmem is being performed either for menorrhagia or bladder outflow obstruction, 
respectxvdy. 

Another problem with working in the confined space of a joim cavity is in prcvemmg 
30 damaae to adjacem strucnires, paniculariy when the vaporising effea is enhanced, and 
botfithe tissue dcnsicy and applicaxion angle inakeengagemem and locari^^ This 
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protection feature is intrinac in the side-eifea brush of Figure 8. when the insuiation sieeve 
76 protects tissue wove, below and behind the active electrode window 76a which onJy 
occupies a small arc of the cross>sectionai form (as shown in Figure 9). 

5 Fisure 10 shows the electrode assembly of the seventh form of electrode unit E7. Has 
electrode assembly includes a central, tissue treatment <active) electrode constinited by a 
phirality of filaments made of tungsten or an alloy of tungsten or platinum, a upered 
cenmic insulaiion sleeve 86, a renim etecvode 88, and an outer insulating sleeve 90. The 
insulation sleeve 86 is formed with a pair of diamemcally-opposed, fprwardly-extending 
10 wrags 86a which projeo beyond the active electrode 84. The filaxncots consniuting the 
active electrode 86 esaend only a shon distance from the distal end of the insulation sleeve 
86. thereby consniuting a very shon brush electrode. The electrode unit E7 has. therefore, 
a large renim:active electrode ratio, so that this electrode unit is intended primarily for a 
tissue removal by vaporisation. The electrode unit E7 is particularly useful for 
15 electrosurgical operations on meniscalcaitibge or any odier elongate laminate stiticture 

which u to be treated from the side, as the wings 8(5a can be used to trap the caitilage 
against the active electrode 84. The configuration of the wings 86a.also assists in 
preventingunnecessaiy exposure ofthe active electrode 84. which may otherwise damage 
adjacent strucnires when working in the confined spaces commonly encoumered in 
20 endoscopic surgery 

Figures H a to Ud show eighth, ninth, tenth and eleventh fbims of electrode unit E8 to 
Ell. eachof which incorporates an active electrode in tiic form of a coHed spring filamem 
94. The electrode units E8 to El I each mchides an insulation sleeve 96, a reniro electrode 
25 98andaninsulatingsheatbl00. The electrode unit E8 of Fiffire I la is similar to titat of 
Figure 5a, being intended primarily for desiccation: and the electrode unit E9 of Figure 1 lb 
is amilar to that of Figure I. being intended primarily for vaporisation. The electrode unit 
ElO of Figure lie is similar ti> tiuit of Figures 8 and 9. in tiiat tite coU electrode 94 is 
formed in a cut-out 96a formed in the side of tiie insuhmoh sleeve 96. and tite return 
30 electrode 98 is formed with a hood-Uke extension 98a which extends over the sutbcc of 
the sleeve 96 which is opposite to the cut-out 96a. The electrode unit ElO caa tints. 
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provide inaximum tissue engagement for shallow working angle applicazions. and is 
another form of side-effcci elearode. The elearode unit El 1 of Figure I Id is similar to 
that of Figure 10. in that the insulation sieeve 96 is formed with a pair of diametrically* 
opposed, forwardly-extending wings 96b. In each of these embodimoiis, the active 
S electrode 94 is made of an alloy of platinum. 

The dectrode units E8 to El 1 are similar to the brush*type electrodes of Figures 1 to 10, 
and have similar surgical eSects, apart from the fact that they eliminate the risk of splaying 
(which is advantageous in certain electro-surgical procedures). Th^ have, however, the 
1 0 advanume of Amplifying the assembly procedure, paniculariy when using platimun alloy 
materials. 

It will be apparent that modification could be made to the dectrosurgical instrumenu 
described above. For example, the insulation sleeves I6« 36. 46. 56, 66, 76« 86 and 96 
1 S could be made of a silicone lubber (such as a silicone polyurethene), glass, a polyimide or 
a thermoplastics material. 
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AIMS 



I. 



An eiearosurcicai instniment tor the ireaimeni of tissue in the presence of an 
electrically-conduaive fluid medium, the instniment comprising an instnimem shaft, and 
5 an dectrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
ircatmcm decuode and a return dectrOde which is electrically insulated from the tissue 
tnatmeni decuode by means of an insulation member, the tissue treatment decttode being 
exposed at the distal end portion of the institiment, and the return dectrode having a fhnd 
comaa surface spaced proximaUy from the exposed end of the tissue treatmem dectrode 
10 by the insulation member, wherein the exposed end of the tissue treatment dectrode is 
constimted by a piuraUty of tissue ueatmem faaroentary members made of an dectricalW- 
conductive matenal, the fiiamcntary members bdng dectrically com»eaed to a common 
dectrical supply conductor. 

15 2. An decTOSurgicai instnimem as daimcd in dainll. wherein a phindity of sepantt 
individual filaments constitute the fjlaroentary moiAers. 

3. An deorosurgical instniment as daimed in daim 2. wherein the filamems each 
have a length lying within the range of from 0. 5 mm to 5 mm. 



20 

4. 



An eiecirosurcical instrument as claimed in daim 2 or daim 3. wherein the 
filaments each have a diameter lying within the range of from 0.05 mm to 0.3 mm. 

5 Andectrosurmcalinstrumemasdaimedindaiml.whe»einasinglecoiled 

25 constinites the filamemaiy members, the coils of the filament constituring the filamemary 
members. 

6 AndectrosurBicalinstrxmicntasdaimedinanyoneofdaimsltoS.whercirithe 
filan-mary members extend longitudinally from the extreme distal end of the instniment. 

30 
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7 An elearosurgicai instrument as claimed in any one of ciaims I to 5. wherein the 
i-,lameniaiy members extend laterally through a cut-out formed in a side surface of the 
insulation member adjacent to the distal end thereof 

5 8. An elecirosurgical instrument as claimed in claim 7. wherein the return electrode 
is fonned with a hood-like extension which extends over the surface of the insulation 
member which is oppoaie the cut-out. 

9. An dearosurgical instrument as claimed m any one of claims 1 to 6. wherein the 
10 fflamemary members are mounted within the insulation member in such a manner that they 
are axially movable relative to the msulation member between a first operating position, 
in which they extend partially from the insulation member, and a second operating position, 
in which they extend folly from the insulation member . 

15 10. An dearosurgical instrument as claimed in any one of claims 1 to 6. wherein the 
insulation member is formed with at least one wing, the or each wing extending distally 
from the insulation member to project beyond the tissue treatment electrode. 

11. An dearosurgical insirumem as claimed in claim 10. wherem the insulation 
20 member is formed with a pair of diameirially-opposed wings. 

12 An deoiosunncal instmment as claimed in any one of claims 1 to U , wherein the 
common dearical iipply conductor is a cemral conduaor, the insulation member 
suiTounding the cemral conduaor. 
" 13. AndearosurgiaJinstrumentasdaimedinanyoneofdaimsltoP.wherrintiu: 
filamentary members are made of a precious metal such as platinum. 

14 Andearosurocalinstiumentasdaimedmanyoneofdaims I to 12. wherdnthe 
30 fdamentary members :^e made of a platinum alloy such as piatinum/lridium. 
platinum/tungsten or platinum/cobalt. 
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15. An dearosurgical instniment as ciaimed in any one of claims I to 12. wherein the 
. filamemary members are made of tungsten. ' 

16. An eleorosurmcai instrument as ciaimed in claim 2. wherein the filaments each 
5 have a teneth lying within the range of from 5mm to 10mm. 

17. An eiearosurgical instrument as claimed in claim 16. wherein the filaments are 
made of stainless steel 

10 18. An dectrosuraical insaument as claimed in any one of claims I to 17. wherdn the 
insulauon member is made of a ceramic materiaL 

19 .^n dearosurgical instmment as claimed in any one of claims I to 17. wherein the 
insulation member is made of silicone rubber. 

15 

20. AndeorodeunitforandeaiosurBcalinsmimeniforthetreannenioftissueintbe 
presence of an decnicaUy-comluctive flmd medmm. the electrode unit comprising a shaft 
having at one end means for comiecnoii to an instrument handpiece, and. mounted on the 
other end of the shaft an dearode assembly comprising a tissue treatmem electrode and 
20 a rcnim dectrode which is electrically insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treamient dearode bdng exposed at the distal 
end portion of the insimmem. and the return electrode having a fluid comact surfiux 
spaced proximally from the exposed end of the tissue treatment dectrode by the insulation 
member, wherdn the exposed end of the tissue treatment dectrode is constituted by a 
25 plurality of tissue treannent filamemary members made of an dectrically-con*Kave 
materia the filamentary members bdng deoricaUy cdmtecied to a common electrical 
supply conduaor. 

21. Eiearosurgical apparatus comprising a radio frequency goiefaior and an 
30 dearosurgical insmtment for the treatment of tissue in the pressure of an deariadly- 
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assembly ai one end of the shaft, the elearode assembly comprising a lissue ireaimeni 
elearode and a return electrode which is eiectricaiiy insuiated from the tissue treatment 
eiecirode by means of an insulation member, the tissue treatment elearode being exposed 
at the distal end ponion of the instrument, the return electrode having a fluid contact 

5 sunace spaced proximally from the exposed end of the tissue ueaiment eiectrode by the 
insulation member, and the radio frequency generator having a bipolar output coimeaed 
to the electrodes, wherein the exposed end of the tissue treatment electrode is coxistitmed 
by a phirality of tissue treatment filamentary members made of an dectricaily-conducttve 
material, the filamentary members being electrically coimeaed to the radio fi^equency 

1 0 generator by a common electric supply conduaor. 

22. Apparams as claimed in claim 2U wherein the radio fi^equency generator inchides 
control means for varying the output power delivered to the electrodes. 

IS 23. Apparatus as claimed in daim 22« wherein the control meatus is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgicai instrument for tissue dessication, and the second output raitte being for 
powering the dearosur^cal instrument for tissue removal by vaporisatiDn. 

20 24. Apparatus as claimed in claim 23. wherein the first output range is fi^om about 1 50 
volts to 200 volts, and the second output range is fi-om about 250 volts to 600 volts, the 
voltage being peak voltages. 




Fig.4Q. FigAb. FigAc. 



wo 97724994 



6/6 



PCT/GB97/00066 




IN1ERNATIONAL SEARCH REPORT 



No 



PCT/6B 97/e0B66^ 



A. CLASSIFICATION OF SUBIECT M AlTOl 

IPC 6 A61B17/39 



Acontoi to tottmaacftri PttaH CJm&um itPCI or to bod> taxuxut cUmSoMo am IPC 



I B. HEUDS SEARCHED 



MiniBumii 



ktttftM Cdiaifimph tftm mamtA toy dMaficaam fymhoU) 



IPC 6 A61B 



t w Oh Mdi MX*)" 



lURb laani dM bat «bA •tan vncaal. (onk an* uBd) 



I C DOCUMBim CP^BIDEfcEP TO BE RELEVAKT 



US 5 472 441 A (EDWARDS STUART D ET AL) 5 

Oecenter 1995 ^ 

see abstract; figures 1G,13,19A-190 

see column 9, line 61 - column 19, line 16 

see column 18, line 39 - line 49 

see colunn 15. line 11 - column 16, line 

28 

DE 32 15 832 A (US ENERGY) 18 November 
1982 

see abstract; figures 7,8 

see page 15, line 13 - line 38 

see page 16, line 31 - page 17, line 5 

-/- 



1-6.28. 
21 



1,9.18. 
12,28-24 



•A' 

•r 



I art bOtA id ihc < 



m 



loTditvtwlMhitiM 



fMbk^Md pnor to Dm iMcrrtsaonal ftUttt ^ 





Dtf* of mates oTilM iatti 

0«i. 06.97 



Eiracai Pmcm Offits. P3. SItt 
NL-mOHVlUim^ 
Td.|«M.10>)40-3IMaTk.)l 6SI 



Zeinstra, H 



Krcr^BAOitft 



page I of 2 



INTERNATIONAL SEARCH REPORT 


imcm al Apptacttoa No 

PCT/GB 97/99966 


1 Cj(ConB]iiisoc 


•!> DOCUMENTS CONSIDERED TO BE RELEVAKT 












1 Y 


US 5 167 659 A (OHTOHO MAOKI ET AL) 1 

December 1992 

see abstract; figures 1-3 

see column 1» line 63 - column 2, line 37 

see column 3, line 11 - line 68 




1.9,1B. 
12,26-24 


A 


US 5 395 368 A (ELLMAM ALAN G ET AL) 7 
Harch 1995 

see abstract; figures 

see column 2, line 56 - column 5, line 11 




1 


A 


WO 93 16659 A (UNIV CALIFORNIA ;TARGCT 

THERAPEUTICS (US)) 2 September 1993 

see abstract; figures 

see page 11, line 13 - line 28 

see page 13, line 7 - line 22 


• 


1.13,20. 
21 


A 


US 1 983 669 A (HARLEY E. KIMBLE) 11 
December 1934 

see page 1, right-hand column, line 32 - 
line 49; figure 1 




5 


A 


WO 95 95781 A (MEDTRONIC INC) 2 Harch 1995 

see abstract; figures 

see page 6, line 3 - line 17 

see page 6, line 30 - page 7, line 6 

see page 7, line 31 - page 8, line 21 




5 


A 


US 5 989 669 A (BUELNA TERRENCE J) 14 

January 1992 

see abstract; figure 9 

see column 4, line 34 - line 45 




7 


|a 


US 1 735 271 A (SUHEN H. GROFF) 12 
November 1929 

see page 1« line 44 - page 2, line 19; 
figure 1 




8 


|a 


EP G 599 679 A (EVEREST MEDICAL CORP) 21 

October 1992 
1 see abstract; figures 1,2 
1 see column 1, line 39 - line 58 

see column 5, line 1 - line 31 

see column 7, line 2 • line 15 




14.15.18 


E 


EP 9 754 437 A (GYRUS MEDICAL LIMITED) 22 
1 January 1997 

cited in the application 

see abstract; figures 1-4 

see column 8, line 12 - column 12. line 45 


1-6,12. 

16-18. 

29-24 



INTERNATIONAL SEARCH REPORT ]ii>»« <■/ 

,«,p«a«te.*y»«»»)«n I pcT/GB 97/68666 

Pumi'fiinay I Puh HntwB 

I •''TSr" I monbati) 
ottd m fcarch npon \ | 

wo 9513113 A 18-65-95 

US 5536267 A 16-67-96 

US 5567743 A 16-64-96 

US 5599345 A 84-62-97 

US 5599346 A 84-62-97 

JP 57183856 A 12-11-82 

M 2861692 A 
CA 2128779 A 

EP 0629125 A 21-12-94 

FI 941937 A Sfi^JJ 

JP 7583165 1 ll'^'ll 

NO 943106 A 23-68-94 
PT 161162 A 

US 5548688 A ItVAl 

US 5569245 A 29-16-96 



US 1983669 A 
WO 9S65781 A 



11-12-34 
82-63-95 



NONE 



US 
AU 
AU 
CA 
EP 
JP 



5431649 A 
676638 B 
1427995 A 
2168866 A 
6774926 A 
9588818 T 



11-87-95 
13-63-97 
21-63-95 
.K-63-95 
28-65-97 
28-61-97 



US 5688666 A 



14-81-92 



CA 
EP 



2682622 A 
6527848 A 



12-11-91 
24-62-93 



THIS PAGE BLANK (MSPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



THISPAeiSLANKiyspnv 



